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(54) CIRCUIT AND SYSTEM IMPLEMENTING A SMART FUSE FOR A POWER SUPPLY

(57) A circuit includes a voltage source (12), a tran-
sistor (16), a load current sensor (24,37), a hardware
latch (36) and a logic circuit (26). The transistor is con-
nected between the voltage source (12) and a load (14).
The sensor emits a fault signal (34) when the load current
exceeds a predetermined value. The hardware latch (36)
sets a latch signal (30) when it receives the fault signal
and maintains the latch signal until it receives a rearm
signal (38). The logic circuit (26) receives the latch signal

(30) from the hardware latch (36) and also receives a
software command (28) for controlling turning on and off
of the circuit. When the latch signal is not set, the logic
circuit converts the software command to a control volt-
age applied at a gate of the transistor, turning on the
transistor to allow power delivery to the load. A system
includes a microcontroller providing software commands
and rearm signals to a plurality of circuits.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to the field of
electronic power supplies. More specifically, the present
disclosure relates to a circuit and a system implementing
a smart fuse for a power supply.

BACKGROUND

[0002] Large scale networks used for cloud computing,
search engines, and similar applications, typically in-
clude tens or hundreds of servers for load sharing and
for redundancy. These networks need to be highly scal-
able, so there is a need to frequently add more servers
to the network infrastructure.
[0003] Large scale server networks consume very
large amounts of electric power and generate a lot of
heat. Any manner of reducing power consumption is de-
sirable.
[0004] Fuses and/or relays may be used to cut delivery
of power to a server in case of a fault, for example in the
occurrence of a short-circuit. However fuses are typically
slow to react and must be replaced after a short-circuit.
Relays may protect a server from a short-circuit, and may
be rearmed, but are very slow to react. Additionally, cur-
rent that is provided to a server must flow through con-
tacts of a relay, causing important power losses. Meas-
urements have shown that, typically up to 4% of the pow-
er delivered to a server may be lost in a relay. The energy
wasted in the relay causes heat accumulation in the pow-
er supply that, for a large server bank, translates into
important cooling needs.
[0005] Availability requirements for large scale server
networks are extremely high, so maintenance activities,
including connection of additional servers and replace-
ment of failed units must be done without delay and with-
out service disruption.
[0006] One particularly disturbing circumstance to per-
sonnel who install servers is that inrush of electrical cur-
rent into a server when initially plugged into a power sup-
ply oftentimes causes sparks at the level of a plug-in con-
nection. Such sparks can be quite disturbing to the op-
erators who install the servers and may also cause the
accumulation of carbon deposits on connectors. The car-
bon deposits create undesired impedance on the con-
nectors, causing of power losses and eventually causing
failed connections to some servers. These carbon de-
posits may eventually lead to fire hazards.
[0007] Thus, there is a desire for power supplies that
address the aforementioned drawbacks.

SUMMARY

[0008] According to one aspect of the present technol-
ogy, there is provided a circuit for powering a load, com-
prising: a voltage source; a transistor connected in series

with the voltage source, the transistor further having a
gate for turning on and off the transistor, the transistor
being connectable in series with the load; a sensor of a
load current, the sensor being adapted to emit a fault
signal when the load current exceeds a first predeter-
mined current value; a hardware latch adapted to set a
latch signal when it receives the fault signal and to main-
tain the latch signal until it receives a rearm signal; and
a logic circuit adapted to receive the latch signal from the
hardware latch and to receive a software command for
controlling turning on and off of the circuit, the logic circuit
converting the software command to a control voltage
for application at the gate of the transistor when the latch
signal is not set.
[0009] In some implementations of the present tech-
nology, the sensor of the load current comprises: a sense
resistor connected in series with the transistor; and a
current monitor emitting an output voltage proportional
to a current flowing through the sense resistor.
[0010] In some implementations of the present tech-
nology, the output voltage is sufficient to latch the hard-
ware latch when the load current exceeds the first pre-
determined current value.
[0011] In some implementations of the present tech-
nology, the latch signal is a status of the circuit, the latch
signal being not set when the circuit has a normal status.
[0012] In some implementations of the present tech-
nology, the logic circuit comprises: a combiner of the sta-
tus of the circuit and of the software command; and a
coupler of the logic circuit and of the transistor, the cou-
pler being configured to cause the control voltage to be
applied at the gate of the transistor.
[0013] In some implementations of the present tech-
nology, the control voltage is a positive voltage to turn
on the transistor, the circuit further comprising: a boost
voltage source, a boost voltage of the boost voltage
source being greater than a voltage of the voltage source;
and a resistive divider connected to the boost voltage
source, to the gate of the transistor, and to the coupler;
wherein deactivation of the coupler causes the boost volt-
age to be applied at the gate of the transistor and turning
on of the transistor; and wherein activation of the coupler
causes a voltage applied at the gate to be less than the
boost voltage and turning off of the transistor.
[0014] In some implementations of the present tech-
nology, the circuit further comprises a microcontroller
adapted to provide the software command for controlling
turning on and off of the circuit.
[0015] In some implementations of the present tech-
nology, the microcontroller is further adapted to provide
the rearm signal.
[0016] In some implementations of the present tech-
nology, the microcontroller is operatively connected to
the sensor of the load current and is adapted to control
turning off of the circuit when load current exceeds a sec-
ond predetermined value, the second predetermined val-
ue being less than the first predetermined value.
[0017] According to another aspect of the present tech-
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nology, there is provided a system for powering multiple
loads, comprising: a voltage source; one or more chan-
nels, each channel being configured for powering a re-
spective load, each channel comprising: a transistor con-
nected in series with the voltage, the transistor further
having a gate for turning on and off the transistor, the
transistor being connectable in series with the respective
load, a sensor of a load current, the sensor being adapted
to emit a fault signal when the load current exceeds a
first predetermined current value , a hardware latch
adapted to set a latch signal when it receives the fault
signal and to maintain the latch signal until it receives a
rearm signal, and a logic circuit adapted to receive the
latch signal from the hardware latch and to receive a soft-
ware command for controlling turning on and off of the
transistor, the logic circuit converting the software com-
mand to a control voltage for application at the gate of
the transistor when the latch signal is not set; and a mi-
crocontroller operatively connected to the hardware latch
and to the logic circuit of each channel, the microcontrol-
ler being adapted to provide software commands for in-
dividually turning on and off the transistor of each channel
and to provide rearm signals for individually resetting the
hardware latch of each channel.
[0018] In some implementations of the present tech-
nology, the microcontroller is adapted to individually re-
ceive the latch signal of each channel, the microcontroller
interpreting the latch signal from a given channel as a
normal status of the given channel when the latch signal
is not set; the microcontroller is adapted to individually
receive a measurement of a load voltage for each chan-
nel; and the microcontroller is adapted to individually re-
ceive a measurement of the load current for each channel
[0019] In some implementations of the present tech-
nology, the one or more channels comprise a plurality of
channels, the system further comprising: a first demulti-
plexer adapted to individually transmit the software com-
mands to the logic circuit of each channel; and a second
demultiplexer adapted to individually transmit the rearm
signals to the hardware latches of each channel.
[0020] In some implementations of the present tech-
nology, the system further comprises a first multiplexer
adapted to individually receive the latch signal from each
of the plurality of channels; a second multiplexer adapted
to individually receive the measurement of the load volt-
age from each of the plurality of channels; and a third
multiplexer adapted to individually receive the measure-
ment of the load current from each of the plurality of chan-
nels.
[0021] In some implementations of the present tech-
nology, the microcontroller is adapted to: detect the sta-
tus of each individual channel; conditionally forward a
software command to the logic circuit of a given channel
for turning on the transistor of the given channel when
the status of the given individual channel is normal.
[0022] In some implementations of the present tech-
nology, the system further comprises a momentary
switch operatively connected to the microcontroller,

wherein the microcontroller is further adapted to: detect
a rearm command form the momentary switch; detect
that statuses of one or more of the plurality of channel
are not normal; and forward a rearm signal to the one or
more of the plurality of channels.
[0023] The foregoing and other features will become
more apparent upon reading of the following non-restric-
tive description of illustrative embodiments thereof, given
by way of example only with reference to the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Embodiments of the disclosure will be de-
scribed by way of example only with reference to the
accompanying drawings, in which:

Figure 1 is a highly schematic diagram of a circuit
for switching on an off electrical supply to a load;

Figure 2 is a highly schematic diagram of a circuit
for detecting attachment of a load and for gradually
applying current to the load;

Figure 3 is an electrical diagram of a circuit for switch-
ing on and off electrical supply to a load, for example
a computer or a server;

Figure 4 is schematic diagram of system for switch-
ing on and off electrical supply to a server of a server
bank;

Figure 5 is timing diagram showing a variation of a
voltage when the load is connected to the load con-
nector; and

Figure 6 is zoomed in section of the timing diagram
of Figure 5.

[0025] Like numerals represent like features on the
various drawings.

DETAILED DESCRIPTION

[0026] Various aspects of the present disclosure gen-
erally address one or more of the problems found in con-
ventional power supplies for large scale server networks.
To this end, the present disclosure introduces a circuit
for powering a load, this circuit being adapted for inte-
gration into a power supply.
[0027] In a first embodiment, the circuit comprises a
voltage source, a sense resistor, and a transistor con-
nected in series with the voltage source and with the
sense resistor. The load may be connected in series with
the transistor. The transistor can be turned on and off by
the application of a control voltage on its gate. A voltage
across the sense resistor is sensed. Because the sense
resistor is in series with the load, this voltage provides a
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direct indication of a level of current flowing in the load.
The sensor emits a fault signal when the voltage across
the sense resistor exceeds a predetermined value or,
equivalently, then the current load exceeds a safe level,
for example in the case of a short circuit at the load. The
circuit includes a hardware latch that issues a latch signal
when it receives the fault signal. The latch signal is main-
tained in the hardware latch even if the load current falls
again to a safe value, or to zero. The latch signal is main-
tained until the hardware latch signal receives a rearm
signal. A logic circuit is fed with the latch signal from the
hardware latch and with a software command intended
to control turning on and off of the circuit. The logic circuit
converts the software command to a control voltage for
application at the gate of the transistor when the latch
signal is not set. In the circuit of this embodiment, the
transistor is thus a "smart fuse" that is turned off to cut
the flow of current into the load in case of a fault and that
can be modulated by the software command to control
a level of the current into the load in normal operation.
[0028] In the same or another embodiment, the circuit
for powering a load comprises a primary voltage source
and a secondary voltage source. A primary transistor
connects the primary voltage source to a load connector.
A top resistor connects the secondary voltage source to
a gate of the primary transistor while a bottom resistor is
connected in parallel to the load connector. A secondary
transistor is connected between the top resistor and the
bottom resistor so that a drain of the secondary transistor
is connected to the gate of the primary transistor. The
circuit includes a translator of commands for turning on
and off the circuit. The translator applies a high voltage
at a gate of the secondary transistor when receiving an
off command and a low voltage at the gate of the sec-
ondary transistor when receiving an on command. In the
circuit, a microcontroller initially issues the off command,
which is received at the translator, causing turning on of
the secondary transistor and turning off of the primary
transistor. The microcontroller receives a measurement
of a voltage at the load connector. Initially, the voltage is
defined by a resistive divider of the secondary voltage
source, the resistive divider being formed by the top and
bottom resistor. The microcontroller detects that the load
is not connected to the load connector when the voltage
at the load connector is at a high level while the off com-
mand is being issued. When the load is connected to the
load detector, because its impedance is much lower than
that of the bottom resistor, the microcontroller detects
that the voltage at the load connector falls to a low level
while the off command is being issued. The microcon-
troller may then issue the on command in response to
the detection of the connection of the load. The on com-
mand may be issued in the form of an impulse, followed
again by the off command, so that the primary transistor
is only briefly turned on. The microcontroller may issue
a sequence of such on command impulses so that the
flow of current gradually increases in the load.
[0029] Referring now to the drawings, Figure 1 is a

highly schematic diagram of a circuit for switching on an
off electrical supply to a load. A circuit 10 includes a volt-
age source 12, a load 14, a transistor 16 having a drain
(D) 18, a gate (G) 20 and a source (S) 22, and a sense
resistor 24. In the circuit 10, the sense resistor 24, the
transistor 16 and the load 14 are connected in series
between the voltage source 12 and the ground (GND).
The transistor 16 is turned on (i.e. closed) to allow current
to flow from the voltage source 12 through the sense
resistor 24 and the drain 18 and the source 22 of the
transistor 16, reaching the load 14. The transistor 16 is
turned on by the application at its gate 20 of a voltage
higher than a voltage at the source 22, this voltage being
an "ON" command for the transistor 16. In more detail,
the transistor 16 is turned on when its gate to source
voltage VGS is greater than a threshold voltage Vth for
the transistor 16. Application of a low voltage (an "OFF"
command) at the gate 20, VGS being lower than Vth for
the transistor 16, turns off (i.e. opens) the transistor 16
to prevent delivery of current to the load 14.
[0030] The ON/OFF command is applied at the gate
20 by a logic circuit 26. The logic circuit 26 has two (2)
inputs, i.e. a software ON/OFF command 28 from a mi-
crocontroller (shown in a later Figure) and a latch com-
mand 30. When the latch command 30 is not set, the
logic circuit 26 converts the software ON/OFF command
28 into the high (ON) or low (OFF) voltage applied at the
gate 20.
[0031] A voltage across the sense resistor 24 is sensed
by a sensor 32. The sensed voltage is directly propor-
tional to the current flowing through the sense resistor
24, the transistor 16 and the load 14. When this current
exceeds a predetermined safe value, the sensed voltage
also exceeds a corresponding predetermined value. In
that event, the sensor 32 sends a fault signal 34 to a
hardware latch 36. The hardware latch 36 in turn provides
the latch command 30 to the control logic circuit 26. As
the latch command 30 is set, the logic circuit 26 ignores
the software ON/OFF command 28 and applies a low
(OFF) voltage at the gate 20, turning off the transistor 16.
[0032] Although current no longer flows through the
sense resistor 24, the transistor 16 and the load 14 when
the transistor 16 is turned off, the hardware latch 36 main-
tains the latch command 30 until it receives a rearm com-
mand 38. The latch command 30 is removed when the
rearm command 38 is received at the hardware latch 36,
following which the logic circuit 26 can once again convert
the software ON/OFF command 28 into the high (ON) or
low (OFF) voltage applied at the gate 20.
[0033] The circuit 10 therefore implements a smart
fuse in the sense that the transistor 16 can rapidly react,
under hardware control, in case of excessive current
flowing through the load 14, for example in case of a short
circuit. This smart fuse can be rearmed by the rearm sig-
nal 38. In normal operation of the circuit 10, when the
latch command 30 is not set, the ON/OFF command 28
from the microcontroller may be used to turn on or off the
delivery of power to the load 14 and may further be used
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to control the amount of current into the load 14 by turning
on and off the transistor 16 in rapid cycles.
[0034] Figure 2 is a highly schematic diagram of a cir-
cuit for detecting attachment of a load and for gradually
applying current to the load. A circuit 50 may optionally
be combined in a same implementation with the circuit
10 of Figure 1, but is shown in isolation in order to simplify
the illustration of Figure 2. The circuit 50 includes a pri-
mary voltage source 52 and a secondary voltage source
54, also called a boost voltage source because its voltage
is higher than that of the primary voltage source 52. A
primary transistor 56, for example a metal oxide semi-
conductor field effect transistor (MOSFET), such as an
n-channel MOSFET (NMOS) having a drain 58, a gate
60 and a source 62, is connected to the primary voltage
source 52 and to a connector 64 having a pair of ports
for eventually connecting a load 66. A top resistor 68 is
connected - to the secondary voltage source 54, to the
gate 60 of the primary transistor 56, and to a collector
(C) 70 of a secondary transistor 72, for example a bipolar
transistor. The secondary transistor 72 also has a base
(B) 74 and an emitter (E) 76. The emitter 76 of the sec-
ondary transistor 72 is connected to a bottom resistor 78,
to the source 62 of the primary transistor 56, and to a
positive end of the connector 64.
[0035] A microcontroller 80 applies a software
ON/OFF command 82 to a translator 84. The software
command 82 is a logical 1 to turn ON the circuit 50 and
a logical 0 to turn OFF the circuit 50.
[0036] The translator 84 outputs a negative version of
the software ON/OFF command, the ON command being
translated into a low voltage applied on the base 74 of
the secondary transistor 72 and the OFF command being
translated into a high voltage applied on the base 74 of
the secondary transistor 72.
[0037] When the software ON/OFF command 82 re-
quires turning off of the circuit 50, a high voltage is applied
at the base 74 of the secondary transistor 72. This high
voltage turns on the secondary transistor 72, whereby
the voltage at its collector 70 and at the gate 60 of the
primary transistor 56 becomes substantially equal to the
voltage at the source 62 of the primary transistor 56, ne-
glecting a small voltage drop between the collector 70
and the emitter 76 of the secondary transistor 72. The
voltages at the gate 60 and at the source 62 of the primary
transistor 56 being substantially equal, VGS is near zero
and is less than Vth for the primary transistor 56. The
primary transistor 56 is therefore turned off. At the time,
if the load 66 is not connected, the voltage at the source
62 of the primary transistor 56, which is also the voltage
at the load connector 64, is defined by the voltage of the
secondary voltage source 54 and a resistive divider
formed by the top resistor 68 and the bottom resistor 78.
If the load 66 is then connected, because it usually has
a much lower impedance than that of the top resistor 68
and of the bottom resistor 78, the voltage at the load
connector 64 falls to nearly zero volt.
[0038] Conversely, when the software ON/OFF com-

mand 82 requires turning on the circuit 50, this command
is translated by the translator 84 into the low voltage ap-
plied at the base 74 of the secondary transistor 72. This
low voltage turns off the secondary transistor 72, where-
by the voltage at its collector 70, which is also the voltage
at the gate 60 of the primary transistor 56, becomes equal
to the voltage of the secondary voltage source 54. The
voltage of the secondary voltage source 54 being higher
than the voltage of the primary voltage source 52, the
gate to source voltage VGS of the primary transistor 56
is positive, no matter the voltage at the source 62 of the
primary transistor 56 at that time. In the example as
shown, the primary transistor 56 is an NMOS transistor
so the positive gate to source voltage VGS causes turning
on of the transistor 56, whereby the voltage at its source
62 becomes substantially equal to the voltage of the pri-
mary voltage source 52. It will be understood that the
voltage of the secondary voltage source 54 is selected
to be higher than the voltage of the primary voltage
source 52 by a sufficient amount to ensure that VGS will
be greater than Vth for the primary transistor 56 when the
secondary transistor 72 is turned off.
[0039] When the software ON/OFF command 82 is
"OFF", the high voltage applied at the base 74 causes
closing (turning on) of the secondary transistor 72. If the
load 66 is not connected to the connector 64, the voltage
of the gate 60 and the source 62 of the primary transistor
56 is an intermediate voltage defined by the secondary
voltage source 54 and by the resistive divider formed by
the resistors 68 and 78. The gate to source voltage VGS
of the primary transistor 56 being near zero, the primary
transistor 56 is open. A voltage measurement 86 taken
between the resistors 62 and 68 is provided to the mi-
crocontroller 80. Connecting the load 66 to the connector
64 at that time causes the voltage at the gate 60 and the
source 62 of the primary transistor 56 to decrease sig-
nificantly to a low voltage because the load 66 has a
much lower impedance than that of the resistor 78. This
drop of the voltage measurement 86 is detected at the
microcontroller 80 as an indication that the load 66 is now
connected to the circuit 50.
[0040] Thereafter, the microcontroller 80 changes the
software ON/OFF command 82 to "ON", causing a low
voltage to be applied at the base and causing opening
of the secondary transistor 72. The voltage of the sec-
ondary voltage source 54 is now directly applied at the
gate 60 of the primary transistor 56. The gate 60 of the
primary transistor 56 now being at a high voltage, the
transistor 56 becomes conductive because VGS is now
greater than Vth. Current may flow from the primary volt-
age source 52 though the primary transistor 56 and into
the load 66. The voltage at the source 62 of the primary
transistor 56 is now substantially equal to the voltage of
the primary voltage source 52, neglecting for a minor
voltage drop between the drain 58 and the source 62 of
the primary transistor. VGS is substantially equal to the
voltage of the secondary (boost) voltage source 54 minus
the voltage of the primary voltage source 52. As will be
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expressed hereinbelow, the microcontroller 80 may rap-
idly cycle the software ON/OFF command 82 between
the ON and OFF positions, at least for a brief initial period
after the connection of the load 66, to control the inrush
of current into the load 66 when the load 66 is initially
plugged in at the connector 64. The microcontroller 80
may continuously monitor the voltage measurement 86
on the load 66.
[0041] A practical implementation of the circuits 10 and
50 of Figures 1 and 2 is shown on Figure 3, which is an
electrical diagram of a circuit for switching on and off
electrical supply to a load, for example a computer or a
server. A circuit 100 includes a high side current monitor
110, a quad 2-input NAND Schmitt trigger 130, an opto-
coupler 210, which is a secondary transistor for the circuit
100, a MOSFET switch 220, which is a primary transistor
for the circuit 100, a 5-volt source 180, a load voltage
source 182 providing for example 19 volts, a boost volt-
age source 184 providing for example 31 volts, which
translates into a 12-volt boost over the voltage of the load
voltage source 182, and a load connector 230. The circuit
100 also comprises various signal input ports, resistors,
diodes, Zener diodes and capacitors that are described
in the following paragraphs. Values shown on Figure 3
for the various resistors, capacitors, including their toler-
ances, and for illustration purposes and do not limit the
present disclosure. The MOSFET switch 220 operates
as a smart fuse, as will be explained hereinbelow. A free-
wheeling diode 221 is mounted in parallel to the MOSFET
switch 221 to eliminate any eventual voltage spikes that
might occur when turning on and off the MOSFET switch
220, for example when an inductive load is plugged in
the load connector 230.
[0042] In normal operation of the circuit 100, the load,
for example the server or computer, is connected to the
load connector 230. Power to the load is from the load
voltage source 182 and transmitted via the MOSFET
switch 220, which may also be called a high side switch,
to ports 3 and/or 4 of the load connector 230, ports 1
and/or 2 of the load connector 230 providing a ground
connection for the server.
[0043] Current flowing from the load voltage source
182 through the MOSFET switch 220 and through the
server also flows through a sense resistor 112. The sense
resistor 112 has a very low impedance, for example 10-3

ohm to maintain power consumed in the sense resistor
112 at a negligible level. A voltage Vsense across the
sense resistor 112 is detected by the high side current
monitor 110, between its input 114 (marked "IN") and its
sense amplifier input 116 (marked "LOAD"). The high
side current monitor 110 has a gain defined by a
transconductance resistor 118 connected between the
higher voltage side of the sense resistor 112 (marked
"+") and a transconductance input 120 (marked "RA") of
the high side current monitor 110. Without limitation, the
transconductance resistor 118 has an impedance of 100
ohms, the transconductance gain of the high side current
monitor 110 being 10-2 mho. The high side current mon-

itor 110 has a ground connection 122 and an output 124.
A current Iout flowing from the output 124 is equal to the
voltage across the sense resistor 112 multiplied by the
transconductance gain of the high side current monitor
110. For example, when a load current of 10 amperes
flows through the sense resistor 112 (as well as through
the MOSFET switch 220 and the server connected to the
connector 230), Vsense is equal to 10-2 volt the current
Iout is at 10-4 ampere. The current Iout generates a voltage
Vout across a resistor RB formed of a series combination
of resistors 126 and 128. In the example as shown, RB
has an impedance of about 10 K ohms and Vout is equal
to 1 volt when the load current is of 10 amperes.
[0044] The quad 2-input NAND Schmitt trigger 130 is
powered by the 5-volt source 180 and is also connected
to the ground. Capacitors 132 and 134 filter eventual var-
iations of the 5-volt source 180, which might otherwise
vary in operation of the quad 2-input NAND Schmitt trig-
ger 130. The quad 2-input NAND Schmitt trigger 130 in-
cludes four (4) NAND gates 136, 144, 152 and 160. Each
NAND gate has two (2) inputs and an output, as de-
scribed in more details below. The output of any of these
NAND gates is a logical 0 when both of its inputs are a
logical 1, and a logical 1 in all other cases.
[0045] The voltage Vout is also present at an input 138
of the NAND gate 136, being filtered by a resistor 168
and a capacitor 169. When Vout exceeds a trigger voltage
for the NAND gate 136, for example in case of a fault
such as a short circuit in the load connected to the load
connector 230, Vout becomes a logical 1 applied at the
input 138. Vout can therefore be understood as a logical
signal for indicating that the load current exceeds a pre-
determined value when Vout exceeds that trigger voltage.
It may be noted that because the NAND gate 136 is a
Schmitt-Trigger, slight variations of Vout will not cause
oscillations at the output 142 of the NAND gate 136. The
values of the sense resistor 112, of the transconductance
resistor 118, and of the resistor RB formed of the series
combination of resistors 126 and 128 are selected so that
Vout reaches the trigger voltage for the NAND gate 136
when the load current reaches a maximum desired value.
In an implementation, these elements may be selected
so that Vout only reaches the trigger voltage for the NAND
gate 136 in case of a severe fault, for example in case
of a short-circuit at the load.
[0046] Another input 140 of the NAND gate 136 is an
input port 170 on which a rearm signal may be received
for rearming the circuit 100. When the ream signal is a
logical 1 while Vout exceeds the trigger voltage for the
NAND gate 136, an output 142 of the NAND gate 136 is
a logical 0. The output 142 of the NAND gate 126 is a
logical 1 when Vout does not exceed the trigger voltage
(the load current being within the intended range) and/or
when the rearm signal is a logical 0.
[0047] The NAND gates 144 and 152 are combined
into a NAND-gate latch. A first input of the NAND-gate
latch is the output 142 of the NAND gate 136, applied to
an input 146 of the NAND gate 144. A second input of
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the NAND-gate latch is the rearm signal from the input
port 170, applied to an input 156 of the NAND gate 152.
An output 150 of the NAND gate 144 is applied at an
input 154 of the NAND gate 152 while an output 158 of
the NAND gate 152 is applied to an input 148 of the NAND
gate 144, completing the NAND-gate latch. The output
158 of the NAND gate 152 is the overall output of the
NAND-gate latch and, at the same time, represents a
status of the circuit 100. This status is a logical 1 under
normal conditions, when the current flowing through the
load is within the intended range, Vout not exceeding the
trigger voltage. At that time, the value of the rearm signal
from the input port 170 has no impact on the output 158.
When Vout increases and becomes a logical 1, the status
of the circuit 100 becomes a logical 0, as long as the
rearm signal is also a logical 1. The status of the circuit
100 may be reset to become a logical 1 again by tempo-
rarily setting the rearm signal to a logical 0.
[0048] A software command Q0 from an input port 172
is set to a logical 1 to turn on the MOSFET switch 220 or
to a logical 0 to turn off the MOSFET switch 220. The
software command Q0 provides ON and OFF commands
to the circuit 100, to control the application of current to
the load on the load connector 230. The software com-
mand Q0 is applied to an input 164 of the NAND gate
160. The output 158 from the NAND gate 152 (which is
also the output from the NAND-gate latch, i.e. the status
of the circuit 100) is applied to an input 162 of the NAND
gate 160. An output 166 of the NAND gate 160 is deter-
mined as follows: If the NAND-gate latch is latched to
provide a logical 0, resulting from Vout having exceeded
the trigger voltage of the NAND gate 136, the output 166
of the NAND gate 160 is a logical 1 and will remain as
such until the rearm signal is set to a logical 0, at least
temporarily. Otherwise, if the NAND-gate latch is latched
to provide a logical 1, which is a normal circumstance,
the NAND gate 160 translates the software command
Q0, providing a logical inverse of the software command
Q0 at its the output 166, so that the output 166 is a logical
0 when the software command Q0 is a logical 1, and vice-
versa. The NAND gate 160 therefore combines effects
of the software command Q0 and of the status of the
circuit 100.
[0049] The output 166 of the NAND gate 160 is con-
nected to a resistive divider formed of resistors 174 and
176 that connect the 5-volt source 180 to an input 212
of the optocoupler 210. Provided that the NAND-gate
latch provides a logical 1 while the software command
Q0 is set to 1, the output 166 of the NAND gate 160 is
set to 0, which translates into a low voltage present within
between the resistors 174 and 176. Current flowing
through the resistor 174 and the NAND gate 160 turns
on a light emitting diode (LED) 175 to provide a visual
indication that the circuit 100 is turned on. A LED 214
integrated in the optocoupler 210 is de-energized, where-
by a phototransistor 216 of the optocoupler 210 is turned
off and becomes an open circuit. A voltage from the boost
voltage source 184 is substantially present at a gate 222

of the MOSFET switch 220. This boost voltage being
selected to be higher by at least a threshold voltage of
the MOSFET source 220 than any voltage present at the
source 226 of the MOSFET switch 220 at that time, the
MOSFET switch 220 becomes conductive. Current may
flow from the load voltage source 182 through the sense
resistor 112, the MOSFET switch 220 and the load con-
nected to the load connector 230. It may be observed
that a resistance between a drain 224 and a source 226
of the MOSFET switch 220 is very low, typically in the
order of 10-2 ohm when the MOSFET switch 220 is
turned-on, so any amount of power consumed in the
MOSFET switch 220 is negligible.
[0050] When, however, the output 166 of the NAND
gate 160 is set to 1, whether because the software com-
mand Q0 is set to 0 or because the NAND-gate latch
provides a logical 0, a high voltage is present at the output
166 of the NAND gate 160, between the resistors 174
and 176. Current no longer flows through the LED 175,
which is turned off to provide a visual indication that the
circuit 100 is no longer providing power to the load. The
LED 214 of the optocoupler 210 is energized, whereby
the phototransistor 216 is turned on and becomes con-
ductive. The gate 222 and the source 226 of the MOSFET
switch 220 are now connected via a resistor 190. No sig-
nificant current flows through the resistor 190, which
means that the voltage at the gate 222 is essentially the
same as the voltage at the drain 226. Its gate to source
voltage being about zero, the MOSFET switch 220 is
then turned off and non-conductive, preventing the flow
of current between the load voltage source 182 and the
load connector 230.
[0051] It may be observed that while another type of
secondary transistor may be used, the optocoupler 210
provides voltage isolation components of the circuit 100
powered by the 5-volt source 180 and other components
of the circuit 100 powered by the load voltage source 182
and the boost voltage source 184.
[0052] Overvoltage protection for the load and the
MOSFET switch 220 is implemented as follows. A volt-
age on the load connected to the connector 230 is limited
by a Zener diode 192, for example a 60-volt diode, that
will become conductive if that voltage becomes exces-
sive. Likewise, regardless of the voltage at the boost volt-
age source 182 and the voltage at the source 226 of the
MOSFET switch 220 at any given time, the gate 222 to
source 226 voltage of the MOSFET switch 220 is limited
by the presence of a Zener diode 194, for example a 10-
volt diode, placed between the gate 222 and the source
226.
[0053] A measure of a voltage applied on the load when
the MOSFET switch 220 is conductive is available at an
output port 196. This measure is not a direct value of the
voltage applied on the load because it is obtained from
a voltage divider formed of the resistors 186 and 188.
For example, when the load voltage source 182 is a 48-
volt source, the resistors 186 and 188 respectively have
56K ohms and 5.9K ohms so that the voltage at the output
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port 196 is about 4.5 volts. The measure applied at the
output port 196 is in any case directly proportional to the
actual load voltage. Likewise, a measure of the current
flowing through the load is available at an output port
198. The load current is sensed by reading a fraction of
Vout, sensed between resistors 126 and 128, this value
being directly proportional to the current Iout, which in turn
is directly proportional to the load current. Respective
values of the resistors 126 and 128 are selected in part
to maintain the load current measurement at the output
port 198 within a safe voltage range for equipment con-
nected to the output port 198. A status of the circuit 100,
which is the output 158 of the NAND gate 152, is available
and an output port 200. Signals from the output ports
196, 198 and 200 are provided from the circuit 100 to a
microcontroller (shown in a later Figure), the microcon-
troller providing the software command Q0 available at
the input port 172.
[0054] Figure 4 is schematic diagram of system for
switching on and off electrical supply to a server of a
server bank. A system 250 is adapted to provide power
to a bank of 24 servers over 24 distinct channels. Variants
of the system 250 may provide power to a single server
over a single channel or to any other number of servers
over any number of channels. Each channel includes a
copy of the circuit 100 of Figure 3. Each channel operates
independently from the other channels. Within the circuit
100, the Zener diodes 192 and 194 are schematically
represented as a voltage protection module 240. Control
applied at the gate 222 of the MOSFET switch 220 is
schematically represented as an ON/OFF command
242. The various other components of the circuit 100 are
schematically represented as a converter and logic mod-
ule 244.
[0055] The load voltage source 182 is supplied by a
power bus bar 252 that is, in turn, connected to an AC
to DC converter (not shown) and to batteries (not shown).
The 5-volt source 180 and boost voltage source 184 are
supplied by a supply bus 254, which is connected to a
DC to DC converter (not shown) that converts the load
voltage to a 5-volt supply and to a boost-voltage supply.
The input ports 170, 172 and the output ports 196, 198
and 200 are connected to a control bus 256.
[0056] The system 250 includes a microcontroller 270
that is indirectly powered by the 5-volt source 180 via a
voltage converter 271 that supplies 3.3 volts to the mi-
crocontroller 270. The microcontroller 270 communi-
cates with the 24 instances of the circuit 100 via multi-
plexers and 272, 274 and 276 and via demultiplexers 278
and 280 that are all powered by the 5-volt source 180.
Each multiplexer and demultiplexer has 24 distinct ports
configured to communicate with each of the 24 instances
of the circuit 100. In an embodiment having a single chan-
nel and a single circuit 100, the microcontroller 270 may
communicate directly with the ports of the circuit 100 with-
out using any multiplexer or demultiplexer.
[0057] A momentary switch 258 is connected to the
control bus 256 and may be manually actuated to provide

a rearm command 260 that is directly applied to the mi-
crocontroller 270. The microcontroller 270 is aWare of
the status of all circuits 100, the status of each circuit 100
being transmitted by the output port 200 and received at
the microcontroller 270 via the multiplexer 276. The mi-
crocontroller 270 translates the rearm command 260 into
the rearm signal applied at a given circuit 100 whose
status indicates a fault. The rearm signal is sent by the
microcontroller 270 via the demultiplexer 280 and via the
input port 170 of the given circuit 100. The microcontroller
270 may also initiate sending of the rearm signal without
manual action of the momentary switch 258, based for
example on its internal programming or based a com-
mand received at an input 282 of the microcontroller 70
from an external source (not shown).
[0058] Programming and monitoring of the microcon-
troller 270 is made by external components (not shown)
connected to the input 282 of the microcontroller 70. The
microcontroller 270 may communicate with the same or
other external components via an output 284. Details of
programming and monitoring of the microcontroller 270
are outside the scope of the present disclosure.
[0059] Considering a first channel 1 of 24 and its circuit
100, the measured voltage available at the output port
196, which is representative of the voltage applied to the
load of the circuit 100, is received at the multiplexer 272.
The measured load current available at the output port
198 is received at the multiplexer 274. The status of the
circuit 100 available at the output port 200 is received at
the multiplexer 276. These signals from the circuit 100
are provided by the multiplexers 272, 274 and 276 to the
microcontroller.
[0060] The microcontroller 270 issues the ON/OFF
commands and the rearm signal, via the demultiplexers
278 and 280, respectively, these signals being applied
to the input ports 172 and 170 of the circuit 100, respec-
tively.
[0061] The system 250 has various modes of opera-
tion.
[0062] When a computer, a server or a similar load is
connected to, and energized by, the circuit 100 of a given
channel via the load connector 230, in normal operation,
the microcontroller 270 may issue a continuous ON com-
mand via the demultiplexer 278, this ON command being
available at the input port 172 of the circuit 100. The status
of the circuit 100 being normal (a logical 1 is present at
the output 158 of the NAND gate 152), the optocoupler
210 is turned off and the MOSFET switch 220 is turned
on, allowing current to be delivered to the load. The cur-
rent load is constantly monitored by the high side current
monitor 110. If the current exceeds a first predetermined
value, for example in case of a short circuit on the load,
the voltage Vout increases and causes the NAND-gate
latch to change its output - which is also the status of the
circuit 100 - to a logical 0, causing the opening of the
MOSFET switch 220, effectively removing power from
the server or other load connected to the load connector
230. This disconnection is made via hardware only, with-
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out intervention from the microcontroller 270, and is
therefore extremely quick, for example in the order of 100
nanoseconds (ns). Thereafter, the NAND-gate latch re-
mains in the same state until the rearm signal is received
at the input port 170.
[0063] When the server or other load is connected to,
and energized by, the circuit 100, the microcontroller 270
may continuously monitor the load voltage and/or the
load current via the signals available at the output ports
196 and 198 and provided to the microcontroller 270 by
the multiplexers 272 and 274, respectively. Although the
voltage Vout may be within its normal range at a particular
time - no short circuit or other severe fault being present
- the microcontroller 270 may detect that the load current
is reaching a critical level, exceeding a second predeter-
mined value that, while lower than the first predetermined
value, may still be considered as a warning by the micro-
controller 270. The microcontroller 270 may cause the
demultiplexer 278 to send ON and OFF commands in
rapid cycles, causing the opening and closing of the
MOSFET switch 220, in turn causing a reduction of the
effective voltage and current flowing through the load.
The microcontroller 270 may alternatively initiate sending
of a continuous OFF command in order to remove all
power from the server or other load.
[0064] When the load is initially connected by plugging
a jack (not shown) into the load connector 230, current
flowing through the load connector 230 and the load
might increase very rapidly and cause a spark between
the jack and the load connector 230. This spark can be
quite disturbing to the operator who connects the jack to
the load connector 230 and may also cause the accumu-
lation of carbon deposits on the ports of the load connec-
tor 230. In an aspect, the system 250 may implement an
anti-sparking mechanism to control an initial level of cur-
rent flowing through the load connector 230 when a load
is initially connected. The following paragraphs describe
an anti-sparking mechanism.
[0065] When the circuit 100 of a given channel is ini-
tially energized while no load is connected to the load
connector 230, the microcontroller 270 causes the appli-
cation of an OFF command on the input port 172 of the
circuit 100, causing the turning on of the optocoupler 210
and the turning off of the MOSFET switch 220. The output
ports 198 and 200 of the circuit 100 respectively indicate
to the microcontroller 270 that the load current is null,
and that the status of the circuit 100 is normal. The output
port 196 indicates to the microcontroller 270 that the volt-
age available at the load connector 230 is defined by the
boost voltage source 184 and by a resistive divider
formed by the resistors 178, 186 and 188. Owing to the
values of these resistors, for example 10K ohms, 56K
ohms and 5.9K ohms, respectively, the voltage available
at the load connector 230 is slightly lower than the voltage
of the boost voltage source. Respective values of the
resistors 186 and 188 are selected in part to maintain the
voltage measurement at the output port 196 within a safe
voltage range for the multiplexer 272.

[0066] Thereafter, when the load is initially connected
by plugging a jack into the load connector 230, because
the load has a much lower impedance than that of the
resistors 186 and 188, the voltage at the load connector
230 falls almost to zero volt. This information is detected
at the microcontroller 270 via the output port 196 and the
multiplexer 272, the microcontroller 270 being thus in-
formed of the connection of a load to the circuit 100. The
microcontroller 270 causes sending of a very brief ON
command, or impulse, via the demultiplexer 278 to the
input port 172 of the circuit 100, this very brief ON com-
mand being immediately followed by an OFF command.
For this brief period, the optocoupler 210 is turned off,
leading to turning on of the MOSFET switch 220, the
appearance of the voltage from the load voltage source
182 at the source 226 of the MOSFET switch 220 and
the application of the same voltage to the load connector
230 and to the load. These initial brief ON and OFF com-
mands are rapidly followed by a succession of other sim-
ilar impulses applied by the microcontroller 270 to the
input port 172 of the circuit 100, whereby current is pro-
gressively and increasingly applied to the load. In a non-
limiting example, the first and second such impulses may
be separated in time by a 100 millisecond (ms) delay,
following which up to 20 impulses may be applied in an
eight (8) ms period. As soon as the microcontroller 270
detects that the voltage at the load connector 230 reach-
es the value of the load voltage source 182 while the load
current reaches the expected value for the load, the ON
command becomes a continuous command.
[0067] Figure 5 is a timing diagram showing a variation
of a voltage when the load is connected to the load con-
nector. A chart 300 shows a variation of the voltage be-
tween the ports 3 and/or 4 of the load connector 230 and
the ports 1 and/or 2 of the load connector 230, the latter
ports being connected to the ground. Voltage values and
timing values shown on Figure 5 are solely for illustration
purposes and do not limit the present disclosure. Initially,
at 0 ms, no load is connected to the load connector 230.
An initial voltage 310 at the load connector 230 is defined
at least in part by the voltage of the boost voltage source
184 and by a resistive divider formed on one hand by the
resistor 178 and on the other hand by a sum of the re-
sistors 186 and 188. A fraction of the voltage 310, sam-
pled between the resistors 186 and 188, forms the volt-
age measurement present at the output port 196.
[0068] At 100 ms, a load is plugged in the load con-
nector 230. The load being placed in parallel with the
resistor 186 placed in series with the resistor 188, the
load having a much lower impedance than the sum of
the resistors 186 and 188, the resistive divider now es-
sentially formed by the resistor 178 and the load causes
the voltage at the load connector 230 to fall to a much
lower value 320. A sample of that value 320 is provided
at the output port 196.
[0069] The microcontroller 270 detects the voltage
drop at the output port 196. After a delay to ensure that
the load remains connected, for example about 840 ms,
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the microcontroller 270 starts issuing software com-
mands Q0, received at the input port 172 of the circuit
100, causing the closing of the MOSFET switch 220.
[0070] Figure 6 is zoomed in section of the timing dia-
gram of Figure 5. A section 330 of the diagram 300 ex-
tends from about 838 ms to about 851 ms. At 840 ms,
the microcontroller 270 causes the application of very
brief software command Q0, which is set to 1, causing
the closing of the MOSFET switch 220 for a very brief
moment (much like a Dirac impulse 340). A number of
successive similar impulses 340, for example three (3)
additional impulses, are issued by the microcontroller
270, for example at about 0.7 ms intervals. In the illus-
tration of Figures 5 and 6, the load has a large capacitive
component, so each brief instances of closing the MOS-
FET switch 220 causes the accumulation of charges in
the load, whereby the voltage at the load connector 230
increases gradually to a value 350. The microcontroller
270 detects a corresponding increase of the voltage sam-
pled at the output port 196. Because the voltage at the
load connector 230 is increasing normally, the microcon-
troller 270 issues a number of additional impulses 360
that are applied to the circuit 100 to close the MOSFET
switch 220 in rapid succession, for example at about 0.2
ms intervals. The voltage at the load connector 230 even-
tually reaches a nominal value 370 that is interpreted by
the microcontroller 270 as an indication that the voltage
and current are building normally in the load. The micro-
controller 270 now issues a continuous software com-
mand Q0, which is set to 1, causing the MOSFET switch
220 to remain closed. The voltage at the load connector
230 eventually reaches a nominal value 380 (Figure 5),
which is substantially equal to the voltage of the load
voltage source 182.
[0071] Those of ordinary skill in the art will realize that
the description of the circuit and system implementing
the smart fuse and the power supply configured for pre-
venting sparks are illustrative only and are not intended
to be in any way limiting. Other embodiments will readily
suggest themselves to such persons with ordinary skill
in the art having the benefit of the present disclosure.
Furthermore, the disclosed circuit and system may be
customized to offer valuable solutions to existing needs
and problems related to power consumption and spark-
ing found in conventional power supplies. In the interest
of clarity, not all of the routine features of the implemen-
tations of the circuit and system are shown and de-
scribed. In particular, combinations of features are not
limited to those presented in the foregoing description as
combinations of elements listed in the appended claims
form an integral part of the present disclosure. It will, of
course, be appreciated that in the development of any
such actual implementation of the circuit and system, nu-
merous implementation-specific decisions may need to
be made in order to achieve the developer’s specific
goals, such as compliance with application-, system-,
and business-related constraints, and that these specific
goals will vary from one implementation to another and

from one developer to another. Moreover, it will be ap-
preciated that a development effort might be complex
and time-consuming, but would nevertheless be a routine
undertaking of engineering for those of ordinary skill in
the field of electronic power supplies having the benefit
of the present disclosure.
[0072] In accordance with the present disclosure, the
components, process operations, and/or data structures
described herein may be implemented using various
types of operating systems, computing platforms, net-
work devices, computer programs, and/or general pur-
pose machines. In addition, those of ordinary skill in the
art will recognize that devices of a less general purpose
nature, such as hardwired devices, field programmable
gate arrays (FPGAs), application specific integrated cir-
cuits (ASICs), or the like, may also be used.
[0073] Systems and modules described herein may
comprise software, firmware, hardware, or any combina-
tion(s) of software, firmware, or hardware suitable for the
purposes described herein. Software and other modules
may be executed by a processor and reside on a memory
of servers, workstations, personal computers, computer-
ized tablets, personal digital assistants (PDA), and other
devices suitable for the purposes described herein. Soft-
ware and other modules may be accessible via local
memory, via a network, via a browser or other application
or via other means suitable for the purposes described
herein. Data structures described herein may comprise
computer files, variables, programming arrays, program-
ming structures, or any electronic information storage
schemes or methods, or any combinations thereof, suit-
able for the purposes described herein.
[0074] The circuit and system implementing the smart
fuse implemented in accordance with some non-limiting
embodiments of the present technology can be repre-
sented as follows, presented in numbered clauses.

Clauses

[0075]

[Clause 1] A circuit for powering a load, comprising:

a voltage source;

a transistor connected in series with the voltage
source, the transistor further having a gate for
turning on and off the transistor, the transistor
being connectable in series with the load;

a sensor of a load current, the sensor being
adapted to emit a fault signal when the load cur-
rent exceeds a first predetermined current val-
ue;

a hardware latch adapted to set a latch signal
when it receives the fault signal and to maintain
the latch signal until it receives a rearm signal;
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and

a logic circuit adapted to receive the latch signal
from the hardware latch and to receive a soft-
ware command for controlling turning on and off
of the circuit, the logic circuit converting the soft-
ware command to a control voltage for applica-
tion at the gate of the transistor when the latch
signal is not set.

[Clause 2] The circuit of clause 1, wherein the sensor
of the load current comprises:

a sense resistor connected in series with the
transistor; and

a current monitor emitting an output voltage pro-
portional to a current flowing through the sense
resistor.

[Clause 3] The circuit of clause 2, wherein the output
voltage is sufficient to latch the hardware latch when
the load current exceeds the first predetermined cur-
rent value.

[Clause 4] The circuit of any one of clauses 1 to 3,
further comprising a microcontroller adapted to pro-
vide the software command for controlling turning on
and off of the circuit.

[Clause 5] The circuit of clause 4, wherein the mi-
crocontroller is further adapted to provide the rearm
signal.

[Clause 6] The circuit of clause 4 or 5, wherein the
microcontroller is operatively connected to the sen-
sor of the load current and is adapted to control turn-
ing off of the circuit when load current exceeds a
second predetermined value, the second predeter-
mined value being less than the first predetermined
value.

[Clause 7] The circuit of any one of clauses 1 to 6,
wherein the latch signal is a status of the circuit, the
latch signal being not set when the circuit has a nor-
mal status.

[Clause 8] The circuit of clause 7, wherein the logic
circuit comprises:

a combiner of the status of the circuit and of the
software command; and

a coupler of the logic circuit and of the transistor,
the coupler being configured to cause the control
voltage to be applied at the gate of the transistor.

[Clause 9] The circuit of clause 8, wherein the control

voltage is a positive voltage to turn on the transistor.

[Clause 10] The circuit of clause 9, further compris-
ing:

a boost voltage source, a boost voltage of the
boost voltage source being greater than a volt-
age of the voltage source; and

a resistive divider connected to the boost voltage
source, to the gate of the transistor, and to the
coupler;

wherein deactivation of the coupler causes the
boost voltage to be applied at the gate of the
transistor and turning on of the transistor; and

wherein activation of the coupler causes a volt-
age applied at the gate to be less than the boost
voltage and turning off of the transistor.

[Clause 11] The circuit of clause 10, wherein activa-
tion of the coupler effectively connects the gate of
the transistor to a source of the transistor.

[Clause 12] The circuit of any one of clauses 8 to 11,
wherein the coupler is an optocoupler

[Clause 13] The circuit of any one of clauses 1 to 12,
wherein the transistor is a metal oxide semiconduc-
tor field effect transistor.

[Clause 14] A system for powering multiple loads,
comprising:

a voltage source;

one or more channels, each channel being con-
figured for powering a respective load, each
channel comprising:

a transistor connected in series with the volt-
age, the transistor further having a gate for
turning on and off the transistor, the transis-
tor being connectable in series with the re-
spective load,

a sensor of a load current, the sensor being
adapted to emit a fault signal when the load
current exceeds a first predetermined cur-
rent value ,

a hardware latch adapted to set a latch sig-
nal when it receives the fault signal and to
maintain the latch signal until it receives a
rearm signal, and

a logic circuit adapted to receive the latch
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signal from the hardware latch and to re-
ceive a software command for controlling
turning on and off of the transistor, the logic
circuit converting the software command to
a control voltage for application at the gate
of the transistor when the latch signal is not
set; and

a microcontroller operatively connected to the
hardware latch and to the logic circuit of each
channel, the microcontroller being adapted to
provide software commands for individually
turning on and off the transistor of each channel
and to provide rearm signals for individually re-
setting the hardware latch of each channel.

[Clause 15] The system of clause 14, wherein the
microcontroller is adapted to individually receive the
latch signal of each channel, the microcontroller in-
terpreting the latch signal from a given channel as a
normal status of the given channel when the latch
signal is not set.

[Clause 16] The system of clause 14 or 15, wherein
the microcontroller is adapted to individually receive
a measurement of a load voltage for each channel.

[Clause 17] The system of any one of clauses 14 to
16, wherein the microcontroller is adapted to individ-
ually receive a measurement of the load current for
each channel

[Clause 18] The system of clause 17, wherein the
one or more channels comprise a plurality of chan-
nels, the system further comprising:

a first demultiplexer adapted to individually
transmit the software commands to the logic cir-
cuit of each channel; and

a second demultiplexer adapted to individually
transmit the rearm signals to the hardware latch-
es of each channel.

[Clause 19] The system of clause 18, further com-
prising:

a first multiplexer adapted to individually receive
the latch signal from each of the plurality of chan-
nels;

a second multiplexer adapted to individually re-
ceive the measurement of the load voltage from
each of the plurality of channels; and

a third multiplexer adapted to individually re-
ceive the measurement of the load current from
each of the plurality of channels.

[Clause 20] The system of clause 19, wherein the
microcontroller is adapted to:

detect the status of each individual channel;

conditionally forward a software command to the
logic circuit of a given channel for turning on the
transistor of the given channel if the status of
the given individual channel is normal.

[Clause 21] The system of clause 19 or 20, further
comprising a momentary switch operatively connect-
ed to the microcontroller, wherein the microcontroller
is further adapted to:

detect a rearm command form the momentary
switch;

detect that statuses of one or more of the plu-
rality of channel are not normal; and

forward a rearm signal to the one or more of the
plurality of channels.

[0076] The present disclosure has been described in
the foregoing specification by means of non-restrictive
illustrative embodiments provided as examples. These
illustrative embodiments may be modified at will. The
scope of the claims should not be limited by the embod-
iments set forth in the examples, but should be given the
broadest interpretation consistent with the description as
a whole.

Claims

1. A circuit for powering a load, comprising:

a voltage source;
a transistor connected in series with the voltage
source, the transistor further having a gate for
turning on and off the transistor, the transistor
being connectable in series with the load;
a sensor of a load current, the sensor being
adapted to emit a fault signal when the load cur-
rent exceeds a first predetermined current val-
ue;
a hardware latch adapted to set a latch signal
when it receives the fault signal and to maintain
the latch signal until it receives a rearm signal;
and
a logic circuit adapted to receive the latch signal
from the hardware latch and to receive a soft-
ware command for controlling turning on and off
of the circuit, the logic circuit converting the soft-
ware command to a control voltage for applica-
tion at the gate of the transistor when the latch
signal is not set.
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2. The circuit of claim 1, wherein the sensor of the load
current comprises:

a sense resistor connected in series with the
transistor; and
a current monitor emitting an output voltage pro-
portional to a current flowing through the sense
resistor.

3. The circuit of claim 2, wherein the output voltage is
sufficient to latch the hardware latch when the load
current exceeds the first predetermined current val-
ue.

4. The circuit of any one of claims 1 to 3, wherein the
latch signal is a status of the circuit, the latch signal
being not set when the circuit has a normal status.

5. The circuit of claim 4, wherein the logic circuit com-
prises:

a combiner of the status of the circuit and of the
software command; and
a coupler of the logic circuit and of the transistor,
the coupler being configured to cause the control
voltage to be applied at the gate of the transistor.

6. The circuit of claim 5, wherein the control voltage is
a positive voltage to turn on the transistor, the circuit
further comprising:

a boost voltage source, a boost voltage of the
boost voltage source being greater than a volt-
age of the voltage source; and
a resistive divider connected to the boost voltage
source, to the gate of the transistor, and to the
coupler;
wherein deactivation of the coupler causes the
boost voltage to be applied at the gate of the
transistor and turning on of the transistor; and
wherein activation of the coupler causes a volt-
age applied at the gate to be less than the boost
voltage and turning off of the transistor.

7. The circuit of any one of claims 1 to 6, further com-
prising a microcontroller adapted to provide the soft-
ware command for controlling turning on and off of
the circuit.

8. The circuit of claim 7, wherein the microcontroller is
further adapted to provide the rearm signal.

9. The circuit of claim 7 or 8, wherein the microcontroller
is operatively connected to the sensor of the load
current and is adapted to control turning off of the
circuit when load current exceeds a second prede-
termined value, the second predetermined value be-
ing less than the first predetermined value.

10. A system for powering multiple loads, comprising:

one or more channels, each channel being con-
figured for powering a respective load, each
channel comprising the circuit of any one of
claims 1 to 6; and
a microcontroller operatively connected to the
hardware latch and to the logic circuit of each
channel, the microcontroller being adapted to
provide software commands for individually
turning on and off the transistor of each channel
and to provide rearm signals for individually re-
setting the hardware latches of each channel.

11. The system of claim 10, wherein:

the microcontroller is adapted to individually re-
ceive the latch signal of each channel, the mi-
crocontroller interpreting the latch signal from a
given channel as a normal status of the given
channel when the latch signal is not set;
the microcontroller is adapted to individually re-
ceive a measurement of a load voltage for each
channel; and
the microcontroller is adapted to individually re-
ceive a measurement of the load current for
each channel

12. The system of claim 11, wherein the one or more
channels comprise a plurality of channels, the sys-
tem further comprising:

a first demultiplexer adapted to individually
transmit the software commands to the logic cir-
cuit of each channel; and
a second demultiplexer adapted to individually
transmit the rearm signals to the hardware latch-
es of each channel.

13. The system of claim 12, further comprising:

a first multiplexer adapted to individually receive
the latch signal from each of the plurality of chan-
nels;
a second multiplexer adapted to individually re-
ceive the measurement of the load voltage from
each of the plurality of channels; and
a third multiplexer adapted to individually re-
ceive the measurement of the load current from
each of the plurality of channels.

14. The system of claim 13, wherein the microcontroller
is adapted to:

detect the status of each individual channel;
conditionally forward a software command to the
logic circuit of a given channel for turning on the
transistor of the given channel when the status
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of the given individual channel is normal.

15. The system of claim 13 or 14, further comprising a
momentary switch operatively connected to the mi-
crocontroller, wherein the microcontroller is further
adapted to:

detect a rearm command form the momentary
switch;
detect that statuses of one or more of the plu-
rality of channel are not normal; and
forward a rearm signal to the one or more of the
plurality of channels.

Amended claims in accordance with Rule 137(2)
EPC.

1. A circuit (10, 100) for powering a load (14), compris-
ing:

a voltage source (12, 182);
a transistor (16, 220) connected in series with
the voltage source (12, 182), the transistor (16,
220) being connectable in series with the load
(14), turning on the transistor (16, 220) causing
power to be delivered from the voltage source
(12, 182) to the load (14);
a sensor (32, 110) of a load current, the sensor
(32, 110) being adapted to emit a fault signal
(34) when the load current exceeds a first pre-
determined current value;
a hardware latch (36, 144, 152) adapted to set
a latch signal (30, 162) when it receives the fault
signal (34) and to maintain the latch signal (30,
162) until it receives a rearm signal (38, 170);
and
a logic circuit (26, 160) adapted to:

receive the latch signal (30, 162) from the
hardware latch (36, 144, 152),
receive a software command (28, 172), and
apply at a gate (20, 222) of the transistor
(16, 220) a control voltage causing turning
off of the transistor (16, 220) when the latch
signal (30, 162) is set;

characterized in that:
the logic circuit (26, 160) is further adapted to convert
the software command (28, 172) to a control voltage
for application at the gate (20, 222) of the transistor
(16, 220) for turning off and then on the transistor
(16, 220) when the latch signal (30, 162) is not set.

2. The circuit (10, 100) of claim 1, wherein the sensor
(32, 110) of the load current comprises:

a sense resistor (24, 112) connected in series

with the transistor (16, 220); and
a current monitor (110) emitting an output volt-
age proportional to a current flowing through the
sense resistor (24, 112).

3. The circuit (10, 100) of claim 2, wherein the output
voltage is sufficient to cause the sensor (32, 110) of
the load current to emit the fault signal (34) when the
load current exceeds the first predetermined current
value.

4. The circuit (10, 100) of any one of claims 1 to 3,
wherein the circuit (10, 100) has a status (158), the
status (158) being normal when the latch signal (30,
162) is not set, the status (158) being not normal
when the latch signal (30, 162) is set.

5. The circuit (10, 100) of claim 4, wherein the logic
circuit (26, 160) comprises:

a combiner (160) of the status (158) of the circuit
(10, 100) and of the software command (28,
172); and
a coupler (210) of the logic circuit (26, 160) and
of the transistor (16, 220), the coupler (210) be-
ing configured to cause the control voltage to be
applied at the gate (20, 222) of the transistor
(16, 220).

6. The circuit (10, 100) of claim 5, further comprising:

a boost voltage source (184), a boost voltage of
the boost voltage source (184) being positive
and greater than a voltage of the voltage source
(12, 182); and
a resistive divider (178, 186, 188) connected to
the boost voltage source (184), to the gate (20,
222) of the transistor (16, 220), and to the cou-
pler (210);
wherein the combiner (160) causes a deactiva-
tion of the coupler (210) when, concurrently, the
status (158) of the circuit (10, 100) is normal and
the software command (28, 172) is a command
to turn on the transistor (16, 220);
wherein the combiner (160) causes an activa-
tion of the coupler (210) when the status (158)
of the circuit (10, 100) is not normal, or when the
software command (28, 172) is a command to
turn off the transistor (16, 220), or both;
wherein deactivation of the coupler (210) caus-
es the boost voltage to be applied at the gate
(20, 222) of the transistor (16, 220) for turning
on of the transistor (16, 220); and
wherein activation of the coupler (210) causes
a voltage defined at least in part by the boost
voltage source (184) and by the resistive divider
(178, 186, 188) to be applied at the gate (20,
222) and to be less than the boost voltage for
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turning off of the transistor (16, 220).

7. The circuit (10, 100) of any one of claims 1 to 6,
further comprising a microcontroller (270) adapted
to provide the software command (28, 172) for con-
trolling turning on and off of the transistor (16, 220).

8. The circuit (10, 100) of claim 7, wherein the micro-
controller (270) is further adapted to provide the re-
arm signal (38, 170).

9. The circuit (10, 100) of claim 7 or 8, wherein the
microcontroller (270) is operatively connected to the
sensor (32, 110) of the load current and is adapted
to control turning off of the transistor (16, 220) when
the load current exceeds a second predetermined
value, the second predetermined value being less
than the first predetermined value.

10. A system (250) for powering multiple loads (14),
comprising:

one or more channels, each channel being con-
figured for powering a respective load (14), each
channel comprising the circuit (10, 100) of any
one of claims 1 to 6; and
a microcontroller (270) operatively connected to
the hardware latch (36, 144, 152) and to the logic
circuit (26, 160) of each channel, the microcon-
troller (270) being adapted to provide software
commands (28, 172) for individually turning on
and off the transistor (16, 220) of each channel
and to provide rearm signals (38, 170) for indi-
vidually resetting the hardware latches (36, 144,
152) of each channel.

11. The system (250) of claim 10, wherein:

the microcontroller (270) is adapted to individu-
ally receive the latch signal (30, 162) of each
channel, the microcontroller (270) interpreting
the latch signal (30, 162) from a given channel
as a normal status (158) of the given channel
when the latch signal (30, 162) is not set;
the microcontroller (270) is adapted to individu-
ally receive a measurement of a load voltage for
each channel; and
the microcontroller (270) is adapted to individu-
ally receive a measurement of the load current
for each channel.

12. The system (250) of claim 11, wherein the one or
more channels comprise a plurality of channels, the
system (250) further comprising:

a first demultiplexer (278) adapted to individually
transmit the software commands (28, 172) to
the logic circuit (26, 160) of each channel; and

a second demultiplexer (280) adapted to indi-
vidually transmit the rearm signals (38, 170) to
the hardware latches (36, 144, 152) of each
channel.

13. The system (250) of claim 12, further comprising:

a first multiplexer (276) adapted to individually
receive the latch signal (30, 162) from each of
the plurality of channels;
a second multiplexer (272) adapted to individu-
ally receive the measurement of the load voltage
from each of the plurality of channels; and
a third multiplexer (274) adapted to individually
receive the measurement of the load current
from each of the plurality of channels.

14. The system (250) of claim 13, wherein the microcon-
troller (270) is adapted to:

detect the status (158) of each individual chan-
nel;
conditionally forward a software command (28,
172) to the logic circuit (26, 160) of a given chan-
nel for turning on the transistor (16, 220) of the
given channel when the status (158) of the given
individual channel is normal.

15. The system (250) of claim 13 or 14, further compris-
ing a momentary switch (258) operatively connected
to the microcontroller (270), wherein the microcon-
troller (270) is further adapted to:

detect a rearm command (260) from the momen-
tary switch (258);
detect that statuses (158) of one or more of the
plurality of channels are not normal; and
forward a rearm signal (38, 170) to the one or
more of the plurality of channels.
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